Introduction
Diabetes is a widespread disease with multiple complications that affect both micro-and macrovasculature.
1 Diabetic nephropathy (DN) is one of the most serious microvascular complications of diabetes. It is characterized by elevated urinary albumin excretion rate, increase in blood pressure, and decline in renal function leading to end-stage renal disease. In addition, these patients have a high risk of cardiovascular disease, 2 which further increases with deteriorating renal function. 3 DN is a rapidly increasing problem in the developing countries with the epidemic of type 2 diabetes mellitus (T2DM). 4 A study in 2008 considered DN to be the most prevalent chronic complication among type 2 diabetic patients in Saudi Arabia, accounting for 32.1%. apparent, indicating that tubular damage may occur independently and earlier than glomerular dysfunction. 9 In a cohort of 158 adults with stage 3 or 4 coronary kidney disease, urinary NGAL to creatinine ratio was associated with mortality and renal replacement therapy, and this risk was independent of kidney and cardiovascular risk factors. 12 Similar results were found in a cohort of 96 coronary kidney disease patients followed for 18.5 months where plasma and urinary NGAL predicted coronary kidney disease progression after adjustment for glomerular filtration rate (GFR). 13 Thus far, there is evidence to support that NGAL levels either in plasma or urine can predict kidney disease progression independent of GFR; however, the data are limited by the number of participants and larger studies are needed before establishing this biomarker in clinical practice. 14 Retinol-binding protein 4 (RBP4) had been initially studied as an adipokine that binds specifically to vitamin A, belongs to the lipocalin family, transports small hydrophobic molecules, 15 and is produced mainly in the liver and mature adipocytes (20%-40%). 16 Its role in insulin resistance (IR) is not clearly defined. RBP4 probably induces the expression of enzymes involved in gluconeogenesis in hepatocytes (mainly phosphoenolpyruvate carboxykinase) and impairs insulin signaling pathways in skeletal muscle. 15 RBP4 is secreted into circulation bound to retinol and transthyretin. 17 In addition to retinol transportation, RBP4 upregulation has been reported to be correlated with obesity and IR. 9 Obesity, which has reached epidemic proportions worldwide, is a major cause of IR. 18 However, IR does not develop in all obese persons and genetic background contributes strongly to IR, even in nonobese persons. 19 Several studies have demonstrated that circulating RBP4 concentration is elevated in human beings with IR. 19, 20 In contrast, other studies have shown normal RBP4 concentration in obese menopausal women and low concentration in individuals with T2DM and that RBP4 concentration are unrelated to insulin sensitivity in calorie-restricted obese individuals. 21 There is evidence that elevation of RBP4 serum concentration is more likely to be caused by the presence of impaired kidney function rather than T2DM. However, there are studies reporting the fact that urinary RBP4 excretion is increased in early DN, indicating that the increased RBP4 serum concentrations are not necessarily related to a decrease of urinary RBP4 excretion. 22, 23 Therefore, how serum RBP4 concentrations influence diabetic patients with nephropathy requires more investigation because sufficient data in these patients are lacking. 24 Studies focusing on the relationship between RBP4 levels and renal function have reached different conclusions, possibly due to the use of different criteria. [24] [25] [26] Clinical and experimental studies have provided evidence that RBP4 has a pivotal role in T2DM. 27 Recently, there has been an explosive growth in the search for more sensitive, specific, and prognostically accurate biomarkers to assist in the care of patients with or at risk of kidney disease. In this study, we aim to evaluate the diagnostic value of serum NGAL and RBP4 as biomarkers for early detection of nephropathy in type 2 diabetic patients.
Materials and Methods
subjects. This study included 200 subjects who were divided into four groups of 50 subjects each: group I, healthy normal control subjects matching the same age and socioeconomic status with diabetic subjects; group II, T2DM with normoalbuminuria (albumin/creatinine ratio [ACR] ,30 mg/g creatinine); group III, T2DM with microalbuminuria (ACR = 30 -300 mg/g creatinine); and group IV, T2DM with macroalbuminuria (ACR . 300 mg/g creatinine). The last three diabetic groups were classified according to urinary albumin excretion. The first step in screening and diagnosis of DN is to measure albumin in a spot urine sample, which is collected either as the first urine in the morning or at random. This method is accurate, easy to perform, and recommended by American Diabetes Association guidelines. 28 Diabetic patients were treated with oral antidiabetic therapy (sulfonylureas). Hypoglycemic medications were withheld on the morning of the study. All subjects underwent full history taking and clinical examination. Patients with a previous history of chronic disease of the kidneys, pancreas, or liver, with other known existing diseases, active inflammatory disease, or who were receiving insulin were excluded. The study was approved by the ethical committee of Faculty of Medicine, Umm AL-Qura University (UQU). Written and signed informed consent was obtained from all subjects before participating in the study.
Methods. After 12 hours of overnight fasting, venous blood samples were collected from controls and diabetic patients into three types of vacutainer tubes and processed as follows: first vacutainer tube with ethylenediaminetetraacetic acid (lavender cap) without centrifugation (whole blood sample) for assaying glycosylated hemoglobin; second tube with potassium oxalate and sodium fluoride (gray cap) for assaying of plasma glucose at once; and third tube without additive (red cap) in which blood was centrifuged at 4000 rpm for 10 minutes. Sera were rapidly separated and subdivided into aliquots. One aliquot of sera was used to measure lipid profile (cholesterol, triacylglycerol [TG] , high-density lipoprotein cholesterol [HDL-C], and low-density lipoprotein cholesterol [LDL-C]), urea, and creatinine on the same day as the blood was collected. The remaining aliquots of sera were stored at -80 °C for insulin, cystatin C, NGAL, and RBP4 determinations. Hemolyzed samples were excluded. A first morning urine sample was collected from each subject into a sterile container and used for the determination of microalbumin and urinary ACR.
All the patients' height, weight, and waist circumference (WC) were measured. Body mass index (BMI) was calculated as the ratio of the weight to the height (kg/m subjects were in the standing position after normal expiration, and recorded to the nearest centimeter. 29 Blood pressure was measured three times, and the average value was considered for data analysis. Any patient was considered hypertensive if already on antihypertensive medication or if average blood pressure was $140/90 mmHg, according to the study by Mancia. 30 Fasting plasma glucose (FPG) concentration was determined by using glucose oxidase method according to Trinder. 31 Blood HbA1c% was measured according to the method of Lahousen et al. 32 , using high-performance liquid chromatography (Variant™ II; Bio-Rad). Plasma insulin was determined using commercially available human enzyme-linked immunosorbent assay kits (BioSource Europe S.A.) according to Flier et al. 33 The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the formula 34 : FPG level (mmol/L) × fasting plasma insulin level (mU/L)/22.5. IR was defined if HOMA-IR $2.5, according to the Japanese guideline for the treatment of diabetes. 35 Lipid profile parameters were measured with commercial kits based on different techniques, purchased from Bio-Med and Egy Chem for the determinations of serum total cholesterol (TC), 36 HDL-C, 37 and TG. 38 LDL-C was calculated as follows: LDL-C = TC -HDL-C -(TG/5), according to Friedewald et al. 39 , while atherogenic index was calculated from the ratio TC/HDL-C. 40 Serum urea and creatinine levels were determined using an enzymatic colorimetric method. 41, 42 The biochemical assays were performed automatically by the Dimension® RxL Max integrated chemistry system (Siemens Instruments Inc.). GFR was estimated using the modification of diet in renal disease (MDRD) abbreviated equation:
. 43 Cystatin C was analyzed using commercially available Human Cystatin C Quantikine ELISA kits (Cat. No. DSCTC0; R&D Systems, Inc.). 44 The multigent microalbumin assay (turbidimetric immunoassay) was used for the quantitative measurement of albumin in human urine on the ARCHITECT c8000TM System (Abbott Diagnostics). It is usual to compare the amount of albumin in the urine sample against its concentration of creatinine. This is termed the ACR expressed in milligrams per gram of creatinine. The use of ACR for these random samples might replace 24-hour urine collections, thus ACR may be a more useful diagnostic tool than microalbumin (µalb) itself. 45 ACR was estimated by dividing the µalb concentration in mg/L over the urine creatinine concentration in grams per liter. ACR was thus expressed in mg/g creatinine. Serum NGAL was evaluated using a Quantikine kit, a commercially available, enzyme-linked immunosorbent assay (Cat. No. DLCN20; R&D Systems, Inc.). 46 Serum RBP4 level was measured using a Quantikine Human RBP4 ELISA kit (Cat. No. DRB400; R&D Systems, Inc.).
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statistical analysis. Results were expressed as mean ± SD. Differences between the groups were analyzed by one-way analysis of variance (ANOVA). Post hoc testing was performed by the Tukey's test to compare the difference among the studied groups. The correlations between various variables were calculated using the Pearson correlation coefficient. A receiver operating characteristic (ROC) analysis was employed to calculate the area under the curve (AUC) and find the best cutoff values to maximize diagnostic specificity and, secondarily, sensitivity. P-values ,0.05 were accepted as statistically significant. All statistical calculations were done using Statistical Package for the Social Sciences version 20 (SPSS Inc.).
results
The ANOVA test showed no statistically significant differences were observed in terms of age, BMI, and WC (P . 0.05) between the studied groups. However, there was a statistically significant difference in the duration of diabetes among the micro-and macroalbuminuric diabetic groups (groups III and IV) as compared to group II. Moreover, the macroalbuminuric diabetic group (group IV) showed a significant difference in the duration of diabetes as compared to microalbuminuric diabetic group (group III; P , 0.05). A significant higher systolic and diastolic blood pressure levels were observed in normo-, micro-, and macroalbuminuric diabetic groups (groups II-IV) as compared to the control group (group I), as well as the macroalbuminuric diabetic group (group IV) showed a significant difference in systolic blood pressure levels as compared to the microalbuminuric diabetic group (group III; P , 0.05). The mean levels of FPG, serum insulin, HOMA-IR, and HbA1c% were significantly higher (P , 0.05) in normo-, micro-, and macroalbuminuric diabetic groups (groups II, III, and IV) as compared to the control group (group I), as well as the macroalbuminuric diabetic group (group IV) showed a significant difference in serum insulin and HOMA-IR as compared to the microalbuminuric diabetic group (group III; P , 0.05). In micro-and macroalbuminuric diabetic groups, the levels of serum TC, TG, and LDL-C were significantly higher (P , 0.05) than that observed in the control subjects and normoalbuminuric diabetic group, but there was a pronounced increase in TC and TG of the macroalbuminuric diabetic group when compared to the microalbuminuric diabetic group. TC/HDL-C ratio was significantly higher (P , 0.05) in the macroalbuminuric diabetic group than that observed in the normal control subjects and normoalbuminuric diabetic group. On the other hand, HDL-C level was significantly lower in micro-and macroalbuminuric diabetic groups than that in the control and normoalbuminuric groups, and the reduction was more pronounced in patients of macroalbuminuric diabetic group (P , 0.05) when compared with the microalbuminuric diabetic group (Table 1) .
The results in Table 2 show that serum urea, creatinine, cystatin C, and GFR were not significantly different in diabetic patients with normoalbuminuria, when compared to the normal control subjects. On the other hand, GFR was significantly decreased (P , 0.05) in micro-and macroalbuminuric diabetic groups (groups II and IV) as compared to the control group (group I) and pronounced decrease in the Notes: Values are represented as mean ± sD, group i (control), group ii (diabetic patients with normoalbuminuria), group iii (diabetic patients with microalbuminuria), and group IV (diabetic patients with macroalbuminuria). *Significantly different from controls (P , 0.05). † Significantly different from group II (P , 0.05).
‡ Significantly different from group III (P , 0.05). Abbreviations: Dm, diabetes mellitus; Bmi, body mass index; sBP, systolic blood pressure; DBP, diastolic blood pressure; FPg, fasting plasma glucose; homa-ir, homeostasis model assessment of insulin resistance; hba1c, glycosylated hemoglobin; tC, total cholesterol; tg, triacylglycerol; hDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. Notes: Values are represented as mean ± sD, group i (control), group ii (diabetic patients with normoalbuminuria), group iii (diabetic patients with microalbuminuria), and group IV (diabetic patients with macroalbuminuria). *Significantly different from controls (P , 0.05). † Significantly different from group II (P , 0.05). ‡ Significantly different from group III (P , 0.05).
macroalbuminuric diabetic group (group IV) as compared to the microalbuminuric group (group III). Serum urea, creatinine, and cystatin C were significantly increased in diabetic patients with micro-and macroalbuminuria as compared to normal control subjects and pronounced increase in the macroalbuminuric diabetic group (group IV) as compared to the microalbuminuric group (group III). Urinary microalbumin showed an insignificant change in diabetic patients with normoalbuminuria. In diabetic patients with micro-and macroalbuminuria, urinary microalbumin was markedly increased compared to normal control subjects. Urinary ACR was significan tly increased in diabetic patients with microalbuminuria and strikingly increased in diabetic patients with macroalbuminuria compared to normal controls and diabetic patients with normoalbuminuria. On the other hand, the urinary microalbumin and ACR were significantly increased in diabetic patients with macroalbuminuria than in the microalbuminuric diabetic group.
The results in Table 3 show that serum NGAL and RBP4 levels were significantly increased in micro-and macroalbuminuric diabetic groups (groups III and IV) compared to controls and normoalbuminuric groups (groups I and II), but macroalbuminuric diabetic patients (group IV) showed a pronounced increase in the levels of NGAL and RBP4 when compared to the microalbuminuric diabetic group (group III; P , 0.05).
ROC curves were carried out to assess the diagnostic performance of NGAL and RBP4, whether they are more sensitive and specific than ACR, and which of them is more sensitive or more specific in the diagnosis of nephropathy. Table 4 represents a comparison between the output data of ROC curves for NGAL, RBP4, and ACR. A cutoff value of NGAL .91.5 ng/mL was determined for discriminating between the diabetic patients with and without nephropathy. A cutoff value of RBP4 .24.5 ng/mL was determined for discriminating between the diabetic patients with and without nephropathy. Finally, a cutoff value of ACR .37.5 mg/g creatinine was determined for discriminating between the diabetic patients with and without nephropathy. A serum level of NGAL .91.5 ng/mL predicted the presence of nephropathy with 87% sensitivity, 74% specificity, and AUC = 0.0.881 with 82.7% accuracy; a serum level of RBP4 .24.5 ng/mL predicted the presence of nephropathy with 84% sensitivity, 90% specificity, and AUC = 0.912 with 86% accuracy; and urinary ACR of .37.5 mg/g creatinine predicted the presence of nephropathy with 89% sensitivity, 72% specificity, and AUC = 0.819 with 83.3% accuracy. These results illustrate that the RBP4 is more specific than NGAL in the early prediction of DN (Fig. 1) .
The results in Table 5 show the numbers of true negative (TN), false positive (FP), true positive (TP), and false negative (FN) for NGAL, RBP4, and ACR. At the cutoff value of NGAL .91.5 ng/mL, the number of TN = 37, FP = 13, TP = 87, and FN = 13. At the cutoff value of RBP4 . 24.5 ng/mL, the number of TN = 45, FP = 5, TP = 84, and FN = 16. At the cutoff value of ACR . 37.5 mg/g creatinine, 
Notes:
Values are represented as mean ± sD, group i (control), group ii (diabetic patients with normoalbuminuria), group iii (diabetic patients with microalbuminuria), and group IV (diabetic patients with macroalbuminuria). *Significantly different from controls (P , 0.05). † Significantly different from group II (P , 0.05). ‡ Significantly different from group III (P , 0.05). Abbreviations: ngaL, neutrophil gelatinase-associated lipocalin; rBP4, retinol-binding protein 4. Abbreviations: PPV, positive predictive value; nPV, negative predictive value; accuracy = number of correct assessments/number of all assessments; aUC, area under the curve. (Table 6 ).
Pearson correlation analyses revealed the relationships between NGAL and RBP4 and ACR variables studied in diabetic patients with nephropathy (Table 7) . Pearson correlation analyses showed that NGAL concentration correlated significantly with RBP4 and ACR (r = 0.582, P = 0.0001; r = 0.502, P = 0.0001, respectively). RBP4 was positively correlated with ACR (r = 0.518, P = 0.0001). Table 8 revealed the relationships between NGAL and RBP4 and other biochemical variables studied in diabetic patients with nephropathy. Pearson correlation analyses showed that NGAL and RBP4 concentrations significantly positively correlated with the duration of diabetes and systolic and diastolic blood pressure. NGAL and RBP4 concentrations correlated significantly with FPG (r = 0.468, P = 0.0001; r = 0.429, P = 0.0001, respectively). NGAL and RBP4 were positively correlated with HbA1c (r = 0.341, P = 0.001; r = 0.380, P = 0.0001 respectively). Also NGAL and RBP4 were significantly correlated with HOMA-IR (r = 0.582, P = 0.0001; r = 0.404, P = 0.0001, respectively). NGAL and RBP4 also showed significant positive correlations with ACR and TG (r = 0.580, P = 0.0001 for NGAL to ACR, r = 0.545, P = 0.0001 for NGAL to TG; r = 0.518, P = 0.0001 RBP4 to ACR, r = 0.513, P = 0.0001 for RBP4 to TG). NGAL and RBP4 were negatively correlated with GFR (r = -0.415, P = 0.0001; r = -0.306, P = 0.002, respectively). discussion DN is currently the leading cause of end-stage renal disease. It is also one of the major significant long-term complications in terms of morbidity and mortality for diabetic patients. 47 The aim of this study was to evaluate the diagnostic value of serum NGAL and RBP4 as biomarkers for early detection of nephropathy in type 2 diabetic patients. No significant difference was observed between the ages of the studied groups. The duration of diabetes in the microalbuminuric diabetic group was significantly increased compared to the normoalbuminuric diabetic group, and this difference was even more pronounced in the macroalbuminuric group. In the current study, the levels of FPG and HbA1c in the microalbuminuric diabetic group were significantly increased compared to diabetic normoalbuminuric and control groups. These findings are in agreement with the previous studies, which have suggested that hyperglycemia is the driving force for the development of Note: **Correlation is significant at the 0.01 level (two-tailed).
DN. 48 Elevated HbA1c was associated with the development of microangiopathy in diabetes. Perhaps this is because HbA1c has a special affinity for oxygen, causing tissue anoxia and contributing to microangiopathy. 49 Poor glycemic control may have a significant role in the progression of DN. 50 Our findings showed that increased HOMA-IR in type 2 diabetic patients with microalbuminuria and macroalbuminuria was highly significant compared with control and normoalbuminuric diabetic groups. These findings are consistent with the study by Svensson and Eriksson, 51 who suggest that IR can occur in the early stages of renal disease and can be detected early at the stage of microalbuminuria. As DN progress, IR may be accelerating the decline in renal function toward end-stage renal disease.
IR is believed to be manifest at the cellular level via postreceptor defects in insulin signaling, but the underlying mechanisms still remain unclear. Possible mechanisms include downregulation, deficiencies or genetic polymorphisms of tyrosine phosphorylation of the insulin receptor, IRS proteins or PIP-3 kinase, or may involve abnormalities of GLUT 4 function. 52 IR may drive the overproduction of very LDL-C and contribute to hypertriglyceridemia. 53 Triglyceride-rich apolipoprotein B-containing lipoproteins clearly promote the progression of renal insufficiency. High triglyceride levels are a risk factor for proteinuria development. 54 In the current study, lipid patterns showed that the mean serum levels of TC, TG, and LDL-C were significantly higher in micro-and macroalbuminuric diabetic groups than in the control and normoalbuminuric diabetic groups. On the other hand, the mean serum level of HDL-C was significantly lower in micro-and macroalbuminuric diabetic groups than in the control and normoalbuminuric groups, and the reduction was more pronounced in patients with macroalbuminuric diabetic group when compared with microalbuminuric diabetic group. TC/HDL-C ratio was significantly higher in the macroalbuminuric diabetic group than that observed in normal control subjects and normoalbuminuric diabetic group. These results are in agreement with Bonnet and Cooper, 55 who stated that DN is associated with an altered lipid metabolism characterized by elevated triglyceride-rich lipoproteins even in the early stages of the renal disease. Also in agreement with Jacobs et al. 56 , who concluded that the prevalence of dyslipidemia was high in type 2 diabetic patients in comparison to healthy subjects. In addition, Cooper et al stated that dyslipidemia is highly observed in type 2 diabetic patients. 57 Tseng evaluated the lipid abnormalities associated with different stages of albuminuria in type 2 diabetic patients and found that apolipoproteins and lipoproteins increased at the stages of microalbuminuria and macroalbuminuria, respectively. 58 However, cholesterol and triglycerides increased significantly throughout the three stages of albuminuria. Shoji et al indicated that disruptions in lipid metabolism may promote glomerular and tubulointerstitial injury. 59 In our study, serum cystatin C was significantly elevated in diabetic patients with nephropathy. Our findings agree with the results from previous studies. 7, 60 These findings are in contrast to one previous study, in which increased serum cystatin level was found to be significant in overt nephropathy but not in early nephropathy. 60 The development of DN is a gradual process that mainly starts with progression from normal albuminuria to microalbuminuria for 5-10 years. 61 In type 2 diabetic patients with microalbuminuria, the elevated levels of urinary albumin and ACR, together with the reduced levels of GFR, fulfill the characteristics of microalbuminuria as reported by Abid et al. 62 This agrees with our study, in which there was a reduction in GFR in the microalbuminuric and macroalbuminuric diabetic groups compared to the control and normoalbuminuric diabetic groups, and ACR was increased in the microalbuminuric and macroalbuminuric diabetic groups compared to control and normoalbuminuric diabetic groups.
NGAL is a 25-kDa molecule known to be hyperproduced in kidney tubules within a few hours after damaging experimental stimuli. Tubular secretion of NGAL correlates with the severity of chronic renal impairment, as in autosomal dominant polycystic kidney disease or glomerulonephritis. 63 In this study, serum NGAL was significantly higher in microalbuminuric and macroalbuminuric diabetic groups compared to the control and normoalbuminuric diabetic groups. Also, serum NGAL positively correlated to the ACR and HbA1c. In our findings, NGAL was higher in diabetic patients with nephropathy compared to controls, indicating that tubular injury occurs early and perhaps before albumin excretion in patients with DN. In addition, NGAL increased further when the injury progressed to become DN.
In a cohort of 56 patients with T2DM, Jiao et al demonstrated increased levels of NGAL in both serum and urine, which correlated with the severity of renal damage. 64 Being elevated in serum and urine, even before albumin appears in urine, NGAL has been reported as a useful noninvasive tool for the evaluation of renal involvement in diabetes, accelerating the early diagnosis of DN. 65 Nielsen et al reported that elevated urine neutrophil gelatinase-associated lipocalin (uNGAL) in type 1 diabetic patients with or without albuminuria indicates tubular damage at an early stage. 66 Furthermore, NGAL showed a good correlation with GFR in diabetic patients. According to our results, serum NGAL showed positive correlation with albuminuria and negative correlation with GFR. Similar findings were reported by Yang et al. 67 In our study, serum NGAL was significantly increased in diabetic patients with micro-and macroalbuminuria when compared with the control group, suggesting that serum NGAL as a marker of tubular injury precedes the appearance of microalbuminuria as a marker of glomerular injury. Bolignano et al found that serum and uNGAL were significantly elevated in diabetic patients compared to the control group and that NGAL levels were elevated in diabetic patients without early signs of glomerular damage. 13 In our study, NAGL was higher in T2DM patients with micro-and macroalbuminuria as compared to controls. This indicates that tubular injury (proximal and distal) occurs early and perhaps before albumin excretion in patients with emerging DN. Notably, serum NGAL showed a relationship with the progression of DN where serum NGAL was positively correlated with urinary albumin creatinine ratio and negatively correlated with GFR, thus, NGAL changes with the progression of albuminuria from absent to severe.
Nauta et al demonstrated that NGAL is 1.5-fold significantly elevated in diabetic patients with normoalbuminuria compared to nondiabetic control group. 7 Lacquaniti et al. 20 stated that NGAL increases in patients with type 1 diabetes even before diagnosis of microalbuminuria representing an early biomarker of normoalbuminuric DN. NGAL measurement could be useful for the evaluation of early renal involvement in the course of diabetes. Zachwieja et al. 68 showed that serum and urine NGAL were elevated in diabetic children without albuminuria, and normoalbuminuria does not exclude DN that is defined as increased serum and urine NGAL concentration. NGAL measurement can be more sensitive than microalbumin and may become a useful tool for evaluating renal involvement in diabetic children. In our study, serum NGAL showed a significant positive correlation with the duration of diabetes, HbA1c, and urinary ACR, while it showed a significant negative correlation with GFR. Fu et al. 69 found a significant inverse correlation between serum NGAL and GFR, and a positive correlation with albuminuria, which is consistent with our findings. Furthermore, Woo et al. 70 found an inverse correlation between serum NGAL and GFR.
The present study demonstrated that serum RBP4 level was significantly higher in type 2 diabetic patients with nephropathy compared with controls. A similar study was reported by Raila et al. 26 They noted that serum RBP4 was increased in patients with microalbuminuria, an early stage of DN. Similarly, serum RBP4 level was elevated according to the progression of clinical stage of DN. 71 There were positive correlations between the serum RBP4 level and HOMA-IR. This is in accordance with the findings of Graham et al. 72 Serum RBP4 concentration was positively correlated with TG in the current study, which is consistent with the findings of Xu et al. 73 Wu et al found that a lipid-lowering drug greatly decreased RBP4 mRNA levels in adipose tissue, suggesting a role for RBP4 in lipid metabolism. 74 RBP4 is the primary carrier for vitamin A (retinol) in plasma and synthesized by hepatocytes. RBP4 expression is also present in extrahepatic tissues, including skeletal muscles and white adipose tissues. 75 It is known that the kidneys play a role in the maintenance of whole body homeostasis, 76 which is regulated by GFR and subsequent reabsorption of RBP4 into the proximal tubule.
The present study reported inverse correlations between RBP4 and GFR. These results are compatible with the previous studies. 71, 77 A decrease in GFR could lead to accumulation of RBP4 in the systemic circulation. Also, a protein complex of RBP4 bound to transthyretin homotetramer in the systemic circulation may reduce clearance of RBP4. 78 Moreover, an increase in serum RBP4 concentration resulted in increased risk of hypertension, dyslipidemia, microalbuminuria, and impaired GFR. 79 ROC curves were carried out to assess the diagnostic performance of NGAL and RBP4 and whether they are more sensitive and specific than ACR. It was found that RBP4 is more specific than NGAL in the early detection of DN.
The kidneys play an important role in the recycling of RBP4 since RBP4 catabolism is disturbed in chronic kidney disease (CKD) patients. The alterations in RBP4 metabolism during CKD are of interest in relation to T2DM since T2DM patients are exposed to increased oxidative stress which has been reported to be linked to endothelial dysfunction. It is known that T2DM patients often suffer from kidney dysfunction, and therefore, the RBP4 may further enhance oxidative stress through their action on polymorphonuclear leukocytes. 80 The clinical course of many renal diseases is highly variable. One of the major challenges in deciding which treatment approach is best suited for a patient and also in the development of new treatments is the lack of markers able to identify and stratify patients with stable versus progressive disease. Unlike other biomarkers, RBP4 is currently the most sensitive functional biomarker of proximal tubule. RBP4 is filtered at the glomerulus and completely reabsorbed in the proximal tubule. In addition, RBP4 was a risk factor for renal impairment in type 2 diabetic patients and may therefore be an important biomarker in detecting kidney function prior to the commonly used markers.
An increase in serum RBP4 concentration is more likely to be caused by the presence of impaired kidney function rather than T2DM, 24 thus resulting in increased risk of renal insufficiency (microalbuminuria and impaired GFR). Therefore, circulating RBP4 may be a useful marker of kidney dysfunction in T2DM. In conclusion,microalbuminuria has generally been considered as the earliest marker of DN development and is often associated with established significant glomerular damage. However, recent studies have shown that microalbuminuria does not necessarily reflect permanent renal impairment. In addition, several lines of evidence suggest that early structural damage in both glomerular and tubular structures may be present in normoalbuminuric subjects. Indeed, DN-related biomarkers are required for early diagnosis of DN. RBP4 marker may serve as a tool to followup clinical monitoring of the development and progression of DN.
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